Introduction
About a decade ago marker assisted selection (MAS) was introduced into grapevine breeding programs around the world [1, 2] . MAS marked a paradigm shift for resistance breeding against powdery and downy mildew the most devastating grapevine diseases. This novel tool permits a fast and very efficient selection of resistance loci. Due to MAS the aims of grapevine breeders changed towards the combination of two or more loci against each mildew pathogen (stacking of defined resistance loci) to try to select for higher and more durable resistances (for review: [3] ).
The great progress in resistance breeding based on the application of MAS, created a desire for markers for additional traits like other stresses, phenology, yield, or even quality. Some of these traits rely on adult plants in the vineyard as the natural environment rather than using greenhouse plants. In such conditions the evaluation of traits becomes more difficult and is generally done by skilled people estimating traits e.g. based on OIV descriptors or other scales. This kind of work is very labor intensive and suffers from limited throughput as well as from subjectivity. In order to speed up the evaluation process novel technologies are required using sensors and robotics to phenotype grapevine in the field.
During recent years several groups developed techniques for phenotyping using different sensors techniques. Visible light (RGB and monochrome images) [4] [5] [6] [7] , fluorescence [8] , thermal [9, 10] and spectral [11] [12] [13] sensing approaches as well as 3D approaches [14, 15] have been implemented in viticulture recently. The JKI contribution in this context on using visible light sensors is described below. Fig. 1) is an automatic robot device that can be used to evaluate grapevine plants as described by Kicherer and coworker [16] . It was developed within the frame of a BMBF (Federal Ministry of Education and Research) funded project (PhenoVines FKZ: 0315968A of Projektträger Jülich) and is GPS guided. PHENObot carries a multi camera system but can also carry further sensors. Automated image analysis tools have been developed in cooperation with the project CROP.SENSe.net (FKZ: 0315534; BMBF, Projektträger Jülich) [16] [17] [18] [19] .
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Results and discussion
Phenotyping in the field is a laborious task which is a daily business of grapevine breeders. Moreover, the screening on a single vine level is crucial in grapevine breeding [16] . Major traits which are recorded throughout the year are phenological traits (from bud burst to ripening), yield traits (berry size, number of berries per cluster, number of cluster per shoot, yield per vine), and resistances (e.g. powdery and downy mildew). Post-harvest evaluations consider composition of the grape juice, and finally after wine making the wine quality traits. Field evaluation is always limited by time with the consequence that a breeder has a deeper look into the breeding material only for advanced breeding strains hampering genetic studies on breeding populations. By using the PHENObot for the first time a large part of the grapevine collection at Geilweilerhof was evaluated for berry size and berry color at the same time [16] . In this field study images of 2700 plants representing 900 genotypes were captured within 13 hours and berry size and color was determined for each genotype which is at least 20 times faster than using manual power [16] . This first example of an automatic pipeline for field phenotyping and analysis of the raw data is very encouraging.
Some other traits that can be evaluated based on the images are indicated in Fig. 2 like bud burst [17] , density of the canopy [19] or weight of the winter pruned wood [20] . Further yield parameters like the number of berries per vine [4] and the amount of fruit and leave pixels per image [21, 22] , have been evaluated image-based on a field level for practical viticulture purposes. The use of spectral sensor technologies in viticulture has been shown to provide information on vine vigor [12, 13, 23] and health status [11, 24] . Whereas 3D approaches are mainly used for describing canopy size [14, 15] and dimensions [19] .
The examples of the PHENObot and it's phenotyping pipeline shows the versatility of the system. They open the perspective for new applications to be developed and to increase the efficiency of grapevine breeding. However, for other traits interdisciplinary activities are required to establish similar fully automatic pipelines as described by Kicherer et al. [16] . Finally, further sensors or sensor fusion will increase the portfolio of phenotyping pipelines.
